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system, the base station for transmitting signals to one or more mobile stations 
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type and a second type, the base station comprising: 

first means for determining a type of a particular mobile station in 
radio communication with the base station; 

second means for determining a type of another mobile station in 
radio communication with the base station; and 

means responsive to the type of the particular mobile station for 

transmitting 

(a) radio signals to the particular mobile station during a current time 
slot and during at least part of a subsequent time slot when the 
particular mobile station is of the first type, and 

(b) radio signals to the particular mobile station during a current time 
slot and radio signals adapted to the type of the other mobile 
station when the particular mobile station is of a second type. 

IN THE SPECIFICATION : 

On page 1 2, line 1 1 , please insert -- Further, the controller 1 1 0 forms a 
second means (110) for determining a type of another mobile station in radio 
communication with the base station. -- after "base station." 

REMARKS 

This amendment is being made responsive to suggestions by the 
examiner in paragraph 3 of the Written Opinion dated 7 February, 2000. 



2 



PATENT 
1283.00267 
P09505 

It is believed that this amendment requires no fee. However, if a fee is 
required for any reason, please charge Deposit Account Number 23-0785 the 
necessary amount. 



Respectfully submitted, 



Dated: November 13, 2000 

WOOD, PHILLIPS, VAN SANTEN, 
CLARK & MORTIMER 
500 West Madison Street 
Suite 3800 

Chicago, IL 60661-2511 
(312) 876-1800 



Dean A. Monco ^J^7 

Reg . No . 30,09 1 ^ y * 7 



3 



J 



Mi IS NOV 2000 

OWED 2 8* 



SIGNAL DECODING WITH OR WITHOUT SECOND SYNCHRONIZATION WORD IN A MOBILE COMMUNICATION 
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RELATED APPLICATIONS 
5 This non-provisional application claims priority of provisional application 

serial number 60/085,710, filed May 15, 1998, in the name of Paul W. Dent and 
Krister Raith. 

BACKGROUND OF THE INVENTION 

The present invention relates generally to transmitting and receiving signals 

10 in a mobile radio communication system. In particular, the present invention 

relates to decoding signals in a mobile radio communication system which 
provides for suspending transmission from a base station of the system during 
selected time periods. 

In time division multiple access (TDMA) radio communication systems, 

15 each transmitter in the system is assigned or allocated a time slot for transmitting 

radio signals. All other transmitters are quiet during this time slot so that the 
intended receiver can clearly receive the radio signals. If the radio communication 
system is a two-way mobile system, such as a cellular radio telephone system, a 
radio carrier frequency in a first frequency band is divided into time slots for 

20 communicating from a base station to a plurality of mobile stations, while a radio 

carrier frequency in a second frequency band is divided into time slots for 
communicating from different ones of the plurality of mobile stations to the base 
station. The base station communicates with mobile stations in a fixed geographic 
area near the base station. Other adjacent base stations serve mobile stations in 

25 adjacent areas. 

During some of its time slots, the base station transmits control and timing 
information. This information includes, for example, the identity of a mobile 
station for which a received call is intended, on a paging channel, and 
synchronization and timing information on a synchronization or sync channel. A 
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mobile station in the system receives the synchronization channel and 
synchronizes its timing with base station timing using information in the 
synchronization channel. Usually, each time slot also includes a known pattern of 
data to facilitate the mobile station estimating the channel phase and amplitude 
5 which is useful for decoding the symbols transmitted in the slot. 

It is known to use a synchronization word at the beginning of the current 
time slot as well as the sync word at the beginning of the next slot and at the end 
of the current slot to improve the reception and decoding of symbols. Because of 
a fade or other interference on the channel, the current or first synchronization 
1 0 word may not be reliably received. By storing the received signal samples 

including the second synchronization word, the stored signal samples may be 
decoded using either the first or second synchronization word or both. This 
technique is described in U.S. Patent number 5,335,250, issued on August 2, 1994, 
to Dent, et al., and in U.S. Patent number 5,841,816, issued on November 24, 
15 199%, to Dent, et al. Both of these patents are commonly assigned with the present 

patent application and are incorporated herein by reference. Some mobile stations 
are presently in use which rely on reception of the second synchronization word 
for optimal performance. 

In some mobile radio systems, it is proposed to suspend or alter 
20 transmission of information including synchronization words when a time slot is 

unallocated. If the time slot is unallocated, no mobile station is presently using 
that time slot. The could result in the phase, amplitude or direction of 
transmission by the base station changing in the subsequent time slot with respect 
to the current time slot which would, without using the invention, degrade the 
25 operation of the existing mobile stations. The transmission of information by the 

base station in an unallocated time slot is however desired to be avoided to reduce 
interference for receivers in surrounding areas. Elimination of the transmission of 
the synchronization word and other information during unallocated time slots will 
reduce or eliminate this co-channel interference improving overall performance in 
30 the radio system. This improvement is threatened by the degradation due to 

removing the mobile station's ability to use the second synchronization word. 
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For a mobile station which relies on reception of the second 
synchronization word for improved communication, elimination of the 
synchronization word or a change in a characteristic such as timing, phase or 
direction of transmission in unallocated time slots will create a problem if the 
unallocated time slot follows the time slot allocated to that mobile station. The 
mobile station may not be able to successfully decode the channel or may spend 
undue time searching for the second synchronization word. Accordingly, there is 
a need for method and apparatus for accommodating the elimination of 
transmission of some slots by base stations in a mobile radio communication 
system without degrading performance of remaining slots. 

BRIEF DESCRIPTION OF SEVERAL VIEWS OF THE DRAWINGS 

FIG. 1 is a block diagram of a radio communication system; 

FIG. 2 is a diagram illustrating communication format in the radio 
communication system of FIG. 1; 

FIG. 3 is a flow diagram illustrating a method for operating a base station 
in the radio communication system of FIG. 1 ; 

FIG. 4 is a flow diagram illustrating a method for operating a mobile 
station of a first type in the radio communication system of FIG. 1 ; and 

FIG. 5 is a flow diagram illustrating a method for operating a mobile 
station of a second type in the radio communication system of FIG. 1. 

DETAILED DESCRIPTION OF THE PRESENTLY 
PREFERRED EMBODIMENTS 

Referring now to the drawing, FIG. 1 shows a radio communication system 

100 including at least one base station 102, 104 and at least one mobile station 

130. The radio communication system 100 may be any two-way radio 

communication system, such as a cellular radiotelephone system, a personal 

communication system (PCS), a trunked radio system, or other. In the illustrated 

embodiment, the radio communication system 100 is a cellular radiotelephone 

system operated according to interim standard IS- 136 as published by the 
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Telecommunication Industry Association/Electronic Industry Association 
(TIA/EIA). 

In FIG. 1, the system 100 is illustrated with two base stations, including 
base station 102 and base station 104. In general, all base stations are configured 
similarly and base station structure and operation will be described in conjunction 
with base station 102. The base stations of the system including base station 102 
and base station 1 04 are linked together to form a network. The network is 
controlled by a mobile switching center (MSC) 106. The MSC 106 is connected 
by landline, telephone link or wireless link to each of the base stations 102, 104. 
The MSC 106 controls overall network operation, provides connection to the 
public switched telephone network (PSTN) and controls interoperation of the base 
stations to provide functions such as handover of radio communication between 
two base stations and a single mobile station in the system 100. 

The base station 102 is exemplary of base station structure and operation. 
The base station 102 includes a controller 1 10, a transmitter 1 12, a receiver 1 14, 
a memory 1 16, a clock 1 18 and an antenna 120. The controller 110 controls 
overall operation of the base station 102. Each base station provides two-way 
radio communication with one or mobile stations in a fixed geographic region near 
the base station. The geographic region may be divided into sectors, each sector 
served by an antenna or a portion of the antenna 120. 

The transmitter 112 transmits radio signals using the antenna 120 to mobile 
stations such as mobile station 130 within a fixed geographic area surrounding the 
base station 102. The transmitter 1 12 may include functions such as encoding, 
interleaving and modulation. The receiver 1 14 converts radio signals received at 
the antenna 120 to digital data for use by the base station 102. The receiver may 
include functions such as filtering, demodulation and decoding. The memory 1 16 
stores data and instructions for operating the controller 1 10 and for use by other 
circuitry within the mobile station 102. 

The clock 1 18 provides a timebase for operating the base station 102. In 
general, equipment operating in the system 1 00 must be closely synchronized, 
including the base stations, the MSC 106 and mobile stations. The clock 1 18 
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receives synchronizing signals from the MSC 106 and in turn is used to provide 
synchronizing signals to mobile stations such as mobile station 130. 

It will be understood by those ordinarily skilled in the art that the base 
stations 102, 104 may include other functions and other circuitry as well. These 
functions include managing call initiation with a mobile station and hand over of 
communication with a mobile station from one base station to another base station. 

The mobile station 130 is exemplary of mobile stations which may operate 
in the radio communication system 100. The mobile station may be any radio 
capable of two-way radio communication with a remote base station, such as a 
cellular telephone, PCS telephone or other two-way radio. In the illustrated 
embodiment, the mobile station 130 is a cellular telephone operable according to 
IS- 136. The mobile station 130 in the illustrated embodiment includes an antenna 
132, a receive path 134, a transmit path 136, a controller 138, a memory 140, a 
user interface 142, a battery 144, a clock 146 and a synthesizer 148. 

The receive path 134 receives radio signals detected at the antenna 132 and 
produces digital data for use within the mobile station 130. The receive path 134 
includes an analog front end 150, a demodulator 152 and a decoder 154. The 
analog front end 150 includes a low noise amplifier and suitable filters for 
detecting and filtering the radio signals received at the antenna 132. The analog 
front end 1 50 may further include circuitry, such as a mixer coupled to the 
synthesizer 148, for shifting the frequency at which the radio signals are broadcast 
down to a lower frequency for more convenient processing in the mobile station 
130. The demodulator 152 processes received signal samples by using the 
synchronization word or known symbol pattern to determine estimates of the 
multipath propagation channel and then uses the channel estimates to process 
signal samples to produce soft-decisions, compensated for multipath. and inter- 
symbol interference. The soft-decisions are then fed from demodulator 152 to 
decoder 154 which performs error correction coding to produce error-corrected 
information to controller 138. 

The transmit path 136 converts digital data produced by the controller 138 
to radio signals for transmission using the antenna 132. The transmission path 136 
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includes an encoder 160, a modulator 162 and a transmitter 164. The encoder 160 
encodes the digital data provided by the controller 138 into a format required for 
communication in the system 100 including interleaving. The encoded data is 
provided to the modulator 1 62 which uses the data to modulate a carrier signal 
provided by the synthesizer 148. The modulated carrier is provided to the 
transmitter 164, which provides functions such as power amplification and 
filtering. The amplified carrier is then applied to the antenna 132 for transmission 
to a remote base station such as base stations 102, 104. 

The controller 138 controls overall functioning of the mobile station 130. 
The controller 138 is preferably implemented as a microcontroller, a digital signal 
processor or a microprocessor or a combination of these, and operates in response 
to data and instructions stored in the memory 140. The user interface 142 allows 
control of the mobile station by a user and typically includes a keypad, a 
microphone, a speaker and a display. The battery 144 provides operational power 
for the mobile station 130. The clock 146 provides timing for circuitry of the 
mobile station 130. In particular, the clock 146 provides timing signals for use by 
the controller 138 so that the mobile station 130 including the controller 138 may 
remain synchronized with the rest of the communication system 100. 

In the illustrated embodiment, the radio communication system 1 00 is a 
time division multiple access (TDMA) radio communication system. That is, in 
the system 100, each mobile transmitter in the system, when active, is assigned or 
allocated a time slot for transmitting radio signals. All other mobile transmitters in 
the same cell using the same frequency are quiet during this time slot so that the 
intended receiver can clearly receive the radio signals on that channel. Of course, 
in another cell or on another frequency, other mobiles may independently be using 
the same time slot. 

One example of a TDMA radio communication system is a cellular 
telephone system according to interim standard IS- 13 6. IS- 136 defines a 
communications frame having six time slots which however are normally 
allocated in pairs to form a full-rate channel. The full-rate channel is thus really a 
three-slot TDMA system. By combining a slot on an uplink frequency with a slot 
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on a downlink frequency, a duplex channel is created for two-way communication 
between the base station and a particular mobile station. 

FIG. 2 illustrates communication format in the radio communication 
system of FIG. 1 . FIG. 2 illustrates a portion of a communications frame 200 
including three time slots, a first time slot 202, a second time slot 204 and a third 
time slot 206. The time slots 202, 204, 206 are all transmitted by a base station in 
the system 100 of FIG. 1. 

Each time slot includes a synchronization word. Thus, the first time slot 
202 includes a synchronization word 212, the second time slot 204 includes a 
synchronization word 214 and the third time slot 206 includes a synchronization 
word 216. The synchronization word or sync word comprises a predetermined 
data pattern in a predetermined location near the beginning of each time slot. The 
synchronization word is used by a receiving mobile station for synchronizing 
timing and decoding the transmitted time slot. 

Each time slot and its associated synchronization word is intended by the 
transmitting base station for reception by a single mobile station in the vicinity of 
the base station. However, in the current IS- 136 system, all three time slots are 
always transmitted, so that the intended mobile station can receive other time slots 
such as subsequent time slots as well as or even better than its intended time slot. 
In IS- 136, the transmission format exhibits time-reversal symmetry, so that a 
mobile station may demodulate its information from the first sync word forward or 
from the second sync word backward. However, in a future system, a time slot 
may be omitted when there is no data to send, reducing interference to the 
unintended receiver, but depriving an intended receiver of the second 
synchronization word. 

It is known to use the synchronization word of the current time slot and of a 
subsequent time slot to improve the reception and decoding symbols by a mobile 
station. This technique is described in U.S. Patent No. 5,335,250, issued on 
August 2, 1994, to Dent et al., and in U.S. Patent No. 5,841,816, issued on 
November 24, 1998, to Dent et al. Both of these patents are commonly assigned 
with the present patent application and are incorporated herein by reference. The 
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decoding technique of these incorporated references or other suitable decoding 
technique is referred to herein as a first decoding algorithm or technique. In 
accordance with the presently disclosed embodiments, in situations where the base 
station cannot guarantee transmission of a synchronization word in the subsequent 
time slot, the mobile station will use a second decoding algorithm or technique. 

According to the decoding and demodulation techniques described in the 
incorporated references, a mobile station receives an assigned or allocated time 
slot of a TDMA frame period. Using a first decoding algorithm, the mobile station 
decodes the received signals with the aid of known symbols called the first 
synchronization word that are transmitted near the beginning of the allocated time 
slot and with the aid of known symbols transmitted near the beginning of a 
subsequent time slot, referred to herein as the second synchronization word. 
Stated alternatively, the base station transmits first predetermined data symbols 
and unknown data symbols. The synchronization word or other known data 
pattern form the first predetermined data symbols. The specific data intended for 
the particular mobile station are unknown data symbols. The unknown data 
symbols may be encoded speech data, control data or other data. In some systems, 
the base station transmits second predetermined data symbols, such as a second 
synchronization word in the subsequent time slot. 

In some systems, the known symbols at the beginning of the subsequent 
time slot, for example, the second synchronization word, are not guaranteed to be 
transmitted by the base station. This may be done, for example, to reduce 
co-channel interference for receivers in surrounding areas. If the subsequent time 
slot is not allocated to a mobile station of the base station, the base station may 
suspend transmission during the unallocated time slot, including the 
synchronization word, to reduce co-channel interference. Alternatively, the base 
station may use a directional antenna which permits broadcast of a time slot into 
one particular sector of the area served by the base station. This sector may be 
different from the sector where the mobile station allocated to the current time slot 
is located. Thus, the second time slot may not be received coherently with 
preceding slot data due to the change of beam direction. 
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Because of these possibilities, the base station cannot guarantee 
transmission of the second predetermined data symbols, such as the 
synchronization word in the subsequent time slot. Further, the transmission of the 
second predetermined data symbols, if it occurs, may not be useful if the timing or 
phase or amplitude of the subsequent time slot is substantially varied by the base 
station for any particular reason. Because the synchronization word is used by the 
mobile station for synchronizing its timing and reception to the base station, any 
change in these parameters may cause a loss of synchronization and require re- 
synchronization of the mobile station to the base station. 

When the known symbols, such as the synchronization word, at the 
beginning of the subsequent time slot are not guaranteed to be transmitted by the 
base station, or are not guaranteed to be transmitted with timing, phase, amplitude 
or direction continuity with respect to the transmission in the current time slot, the 
base station according to the invention provides a signal to the mobile station 
indicating that the second synchronization word cannot be relied upon. Stated 
alternatively, the base station transmits an indication when transmission of the 
second predetermined data symbols is not guaranteed. 

A mobile station decodes transmissions from the base station using at least 
the first predetermined data symbols. If the signal transmitted by the base station 
indicates that the transmission of the second predetermined data symbols or 
second synchronization word is reliable, the mobile station will use the first 
predetermined data symbols, the second predetermined data symbols or both to 
decode the time slot received from the base station according to the incorporated 
disclosure of a "first" algorithm. Any suitable algorithm described in the 
incorporated references or otherwise may be used. 

When the mobile station receives the indication that the second 
predetermined data symbols or second synchronization word cannot be relied 
upon, the mobile station decodes signals received in a selected time slot using a 
second decoding algorithm. The second decoding algorithm requires only known 
symbols transmitted in the selected time slot. This second decoding algorithm 
may be any of the variations described in the above-incorporated references that 
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are invoked by setting the quality of the second synchronization word permanently 
to the lowest quality value as long as the indication that the second 
synchronization word may not be relied upon is maintained. Any other suitable 
decoding algorithm may also be used that makes use only of the one guaranteed 
synchronization word. 

Thus the mobile station decodes the unknown data symbols using the first 
predetermined data symbols when the indication is transmitted, and decodes the 
unknown data symbols using the first predetermined data symbols and the second 
predetermined data symbols when no indication is transmitted. The indication 
may be any suitable data or signal contained within control signaling information 
transmitted by the base station to the mobile station. In one embodiment, the 
indication is transmitted during call setup or during handover. Call setup occurs 
when two-way communication is being initiated between the mobile station and 
the base station. Call initiation occurs when the mobile station has indicated that a 
user desires to make an outgoing call or when the base station has signaled an 
incoming call to the mobile station on a paging channel. Handover occurs when a 
mobile station moves from the area of coverage of a first base station to the area of 
coverage of a second base station. During both these occurrences, substantial 
control information is exchanged between the mobile station and the base station. 

In one embodiment, the base station broadcasts an indication to all mobile 
stations in its covered region or in a sector of its covered region. This may be 
accomplished using the broadcast control channel (BCCH) known as the digital 
control channel or DCC. The indication informs mobile stations that the base 
station is using a mode of operation that does not guarantee the usability of the 
second synchronization word. In response, all mobile stations in the sector or 
coverage area then use the second decoding algorithm. 

In another embodiment, a mobile station provides an indicator to the base 
station that the mobile station requires the second synchronization word for 
optimum decoding of time slot information from the base station. This is suitable 
for compatibility with mobile stations that have this requirement. According to 
this embodiment, the mobile station transmits an indicator, the indicator indicating 
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that the mobile station requires transmission of the second predetermined data 
symbols. In response to the indicator, the base station according to the invention 
reliably transmits the second predetermined data symbols even when no data is 
transmitted in the following slot. The base station does not suspend transmission 
of second synchronization word and does not vary the transmission phase or 
amplitude or any other necessary characteristic, but may omit transmission of data 
following the second word, if no data need to be sent. 

The indicator may comprise a predetermined data pattern or an operational 
mode indicator for the mobile station. The indicator may be transmitted with 
control information provided by the mobile station to the base station. 

Alternatively, the indicator may be contained in standard information 
transmitted by the mobile station to the base station. For example, each mobile 
station has a protocol version number which is transmitted to the base station at 
the initiation of communication between the two. A protocol version number 
refers to the revision of the standard, such as IS- 136, which the mobile station is 
using. In response to the protocol version number or any other similar indicator, 
the base station can decide if the mobile station expects the second 
synchronization word or can be reliably Operated without transmission of the 
second synchronization word. Further, one of these two operational modes may 
be set as a default with the nondefault condition only being selected upon a 
suitable determination by the base station. Still further, in yet another 
embodiment, the base station may decide which mode to operate in by using an 
identifier such as the electronic serial number (ESN) of the mobile station 
transmitted by the mobile station during call setup. By comparing the ESN for the 
mobile station with values stored in memory at the base station or elsewhere on 
the communications network, the base station can retrieve characteristics of that 
mobile station from a subscriber database, including which operational mode to 
provide for the mobile station. Thus, the base station determines transmission 
requirements for the mobile station and transmits the predetermined second data 
symbols in response to the transmission requirements for the mobile station. 
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FIG. 3 is a flow diagram illustrating a method for operating a base station 
in the radio communications system 100 of FIG. 1 . The method begins at step 
302. At step 304, the base station determines if the mobile station (MS) requires a 
second synchronization word. This determination may be made according to any 
suitable method, such as by receiving signaling information from the mobile 
station containing an implicit indicator that the mobile station requires the second 
synchronization word, or by receiving an identifier or other information from the 
mobile station and comparing the identifier with stored data to determine the 
mobile station's transmission requirements. In the embodiment illustrated in FIG. 
1, the controller 1 10 of the base station 102 forms a means for determining a type 
of a particular mobile station in radio communication with the base station. The 
controller 110 may operate in conjunction with the memory 1 16 for this purpose, 
or may operate in conjunction with other data processing equipment of the system, 
such as the MSC 106. 

If the base station determines that the mobile station requires the second 
synchronization word, at step 306 the base station transmits a first time slot 
including a first synchronization word. At step 308 the base station then transmits 
at least the second synchronization word. In this manner, both the first 
predetermined data symbols (the first synchronization word) and the second 
predetermined data symbols (the second synchronization word) are provided to the 
mobile station for accurate demodulation and decoding of the unknown data 
symbols transmitted in the first time slot by the base station. In the embodiment of 
FIG. 1, the transmitter 1 12, alone or in conjunction with the controller 1 10, forms 
a means responsive to the type of the particular mobile station for transmitting 
radio signals to the particular mobile station during a current time slot and during 
at least a part of a subsequent time slot when the particular mobile station is of a 
first type. The method then ends at step 310. 

If at step 304 the base station determined that the mobile station does not 
require the second synchronization word, at step 312 the base station transmits the 
first time slot and the first synchronization word. With regard to the embodiment 
of FIG. 1, the transmitter 1 12, alone or in conjunction with the controller 110, 
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forms a means responsive to the type of the particular mobile station for 
transmitting radio signals to the particular mobile station during a current time slot 
and radio signals adapted to a type of another mobile station when the particular 
mobile station is of a second type. Subsequently, at step 314, the base station 
determines if the second time slot (i.e., the time slot immediately following the 
first time slot) has been allocated. The second time slot is allocated if the base 
station is in two-way radio communication with a second mobile station using the 
second time slot of the same radio channel. Transmission during the second or 
subsequent time slot may be suspended or varied if the base station does not 
communicate with any mobile station during that time slot, or if the mobile station 
allocated to that time slot is in a different direction. If the second time slot is 
allocated, at step 3 16 the base station will transmit the second time slot and the 
second synchronization word, which are required by the mobile station to which 
the second time slot is allocated. 

If, at step 314, the base station determined that the second time slot is not 
allocated, at step 318, the base station determines if there is a need to change its 
radio transmission. Such a need will exist, for example, if the second time slot has 
been allocated to a mobile station located in a different sector of the geographic 
area serviced by the base station. If no change is required, control proceeds to step 
3 1 6 and the second time slot and second synchronization word are transmitted. 
However, if a change is required, at step 320, the base station makes the necessary 
change in transmission and, at step 322, transmits the next time slot. The method 
ends at step 310. 

FIG. 4 is a flow diagram illustrating a method for operating a mobile 
station of a first type in the radio communication system of FIG. 1 . The first type 
of mobile station requires or expects transmission of the second synchronization 
word by the base station. The method begins at step 402. 

At step 404. the mobile station remains in a loop, attempting to locate a 
control transmission from the base station (BS). If no suitable transmission is 
located, the mobile station continues searching. The mobile station may be 
attempting to initiate a call by beginning two-way radio communication with the 
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base station, or may be attempting to hand over communication from a first base 
station to a second base station to be located. 

In the context of FIG. 1, the receive path 134 forms a means for receiving 
and decoding a signal from the remote base station. The analog front end 150, the 
demodulator 152 and the decoder 154 are adapted to perform these functions. The 
design and implementation of these circuits, including both hardware and 
software, as well as alternative embodiments, are described more fully in the 
incorporated references. The new indicator signal provided by the present 
invention indicates whether the base station transmissions are of the first type or 
second type. The first type of transmission includes symbols such as a 
synchronization word in a subsequent time slot which the mobile station 130 may 
use for decoding the base station transmission. The second type of base station 
transmission does not reliably include the second synchronization word. The 
decoder 154, in combination with the controller 138, form a means responsive to 
the indication for decoding communications signals received from the base station 
102, 104 in an allocated time slot of a TDMA frame period. The decoder 154 and 
controller 138 may be suitably implemented as any combination of hardware or 
software for performing these functions. 

In one embodiment, once a base station has been located, at step 406 the 
mobile station determines to inform the base station of its need for a second sync 
word for optimum performance. In other embodiments, no specific 
implementation of step 406 may occur. Rather, the software or other routine 
which controls the operation of the mobile station may simply perform the next 
step depending on the operational mode of the mobile station. 

If the mobile station does require a second synchronization word, it may 
transmit an indicator at step 408. As described above, the indicator may be data or 
other information contained in signaling, such as control signals. The control 
signals may be, for example, the electronic serial number (ESN) or mobile 
identification number (MIN) uniquely associated with the mobile station. The 
indicator indicates the type of mobile station to the base station, which in turn 
determines if the mobile station requires transmission of second predetermined 
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data symbols in a subsequent time slot to its allocated time slot. Alternatively, the 
indicator can be a specific class mark or protocol version number which is 
transmitted to the base station and is used by the base station to determine that the 
mobile station requires transmission of the second synchronization word. Still 
further, the mobile station may merely transmit identifying information, such as an 
identifier like its electronic serial number, which is in turn used by the base station 
to determine transmission requirements of the mobile station. 

At step 408. the mobile station receives the first time slot transmitted by the 
base station and receives at least the second sync word. At step 410 the mobile 
station demodulates the first time slot with the aid of the second sync word. More 
generally, the mobile station demodulates and decodes the first time slot using any 
of the decoding techniques described above in the incorporated references or any 
other suitable technique. The mobile station determines at step 412 if more time 
slots are forthcoming or if the call has been terminated. If the call continues, 
control returns to step 408. If the call has been terminated, the method then ends 
at step 416. 

FIG. 5 is a flow diagram illustrating a method for operating a mobile 
station of a second type in the radio communication system of FIG. 1. The second 
type of mobile station does not require or expect transmission of the second 
synchronization word by the base station. However, in one embodiment, if the 
second sync word is available, the mobile station of the second type uses the 
second sync word to optimize its performance. The method begins at step 502. 
Step 504 proceeds like step 404, described above in conjunction with the mobile 
station of the first type. At step 506, the mobile station transmits an indicator that 
the second sync word may be omitted. 

If the mobile station does not require a second synchronization word, at 
step 508 the mobile station of the second type may receive an indication from the 
base station as to whether the second synchronization word is available. At step 
510, the mobile station receives the first time slot including up to the second sync 
word. At step 512. the mobile station checks whether the second sync word has 
bee indicated to be available or useful. If so, the mobile station proceeds to step 
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514 and uses a first demodulation algorithm using the first and/or the second sync 
word. If not, the mobile station proceeds to step 516 and uses a second algorithm 
to demodulate the first time slot using the first sync word only. Then at step 518, 
soft decisions from successive first slots, whether demodulated using the first 
5 algorithm at step 5 14 or the second algorithm at step 5 1 6, are de- interleaved and 

decoded. 

If, at step 520, the call should continue, a return is made to step 5 1 0 to 
receive the next first slot. Optionally, control returns to step 508 if a per-slot 
indication of the availability of the second sync word is provided. Otherwise, if 

10 the call has been terminated, the method ends at step 522. 

From the foregoing, it can be seen that the illustrated embodiments provide 
a method and apparatus for accommodating the elimination or modification of 
transmission of some synchronization words by base stations in a mobile radio 
communication system. The base station communicates an indication to mobile 

1 5 stations in the region served by the base station that the transmission of subsequent 

synchronization words will be suspended or varied and are therefore not reliable. 
In an alternative embodiment, a mobile station may transmit an indicator to the 
base station that the mobile station requires the second synchronization word, in 
which case the base station will continue to transmit the second synchronization 

20 word for the use of the mobile station. 

These embodiments allow the deployment of improved base stations which 
use more advanced directive antenna arrays that can transmit different time slots 
of a TDMA frame period in different directions, adapted to the position of the 
intended receiver. Alternatively, the embodiments permit the use of adaptive 

25 power control where the transmission power level in a time slot may be increased 

or decreased in dependence on the distance of the intended receiver. Both of these 
variations affect the characteristics of the second synchronization word. Using the 
illustrated embodiments, such advanced base stations can be adapted to revert to 
transmission of the second synchronization word with signal continuity to the 

30 previous time slot in order to remain retrospectively compatible with mobile 

station receivers that rely upon the second synchronization word. 
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While a particular embodiment of the present invention has been shown 
and described, modifications may be made. For example, while the 
synchronization word transmitted in each time slot has been shown for use by the 
mobile station for demodulating and decoding transmissions from a base station, 
any predetermined data or symbols contained in a time slot may be used by the 
mobile station. It is therefore intended in the appended claims to cover all such 
changes and modifications which follow in the true spirit and scope of the 
invention. 
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CLAIMS 

1 . A method for operating a radio communication system including at 
least one base station and at least one mobile station, the method comprising the 
steps of: 

at a base station, transmitting first predetermined data symbols and 
unknown data symbols; 

at the base station, selectively transmitting second predetermined 

data symbols; 

at the base station, transmitting an indication when transmission of 
the second predetermined data symbols is not guaranteed; 

at a mobile station, decoding transmissions from the base station 
using at least the first predetermined data symbols. 

2. The method of claim 1 wherein decoding transmissions comprises 
the steps of: 

decoding the unknown data symbols using only the first 
predetermined data symbols when the indication is transmitted; and 

decoding the unknown data symbols using at least one of the first 
predetermined data symbols and the second predetermined data symbols when no 
indication is transmitted. 

3. The method of claim 1 wherein the first predetermined data symbols 
comprise a synchronization word for a current time slot. 

4. The method of claim 1 wherein the second predetermined data 
symbols comprise a synchronization word for a subsequent time slot. 

5. The method of claim 1 wherein transmitting the indication includes: 
at the base station, transmitting the indication when the base station 

suspends transmission of a synchronization word during a subsequent time slot. 
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6. The method of claim 1 wherein transmitting the indication includes: 
transmitting the indication when the base station can not guarantee 

transmission of the second predetermined data symbols with any of: reliable 
timing, reliable phase, reliable amplitude and reliable direction continuity. 

7. The method of claim 1 further comprising the steps of: 

at the mobile station, transmitting an indicator, the indicator 
indicating that the mobile station expects transmission of the second 
predetermined data symbols; and 

at the base station, in response to the indicator, reliably transmitting 
the second predetermined data symbols. 

8. The method of claim 7 wherein the indicator comprises a 
predetermined data pattern. 

9. The method of claim 7 wherein the indicator comprises an 
operational mode indicator for the mobile station. 

10. The method of claim 7 wherein the indicator comprises an identifier 
for the mobile station and further comprising the steps of: 

at the base station, in response to the identifier, determining 
transmission requirements for the mobile station; and 

transmitting the predetermined second data symbols in response to 
the transmission requirements for the mobile station. 

1 1 . The method of claim 1 0 wherein the transmission requirements are 
retrieved from a subscriber database. 
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12. A mobile station operable in a radio communication system and 
configured to receive from a remote base station transmissions of a first type and 
of a second type, the mobile station comprising: 

means for receiving and decoding a signal from the remote base 
station, the signal indicating whether the base station transmissions are of the first 
type or second type; and 

means responsive to the signal for decoding communications signals 
received from the base station in an allocated time slot of a time division multiple 
access (TDMA) frame period with the aid of symbols transmitted from the base 
station in a subsequent time slot when the indication indicates base station 
transmissions of the first type, and decoding the communication signals in the time 
slot without the aid of symbols transmitted in the subsequent unallocated time slot 
when the indication indicates base station transmissions of the second type. 

13. A mobile station operable in a radio communication station and 
configured to receive from a remote base station transmissions of a first type and 
of a second type, the transmissions being arranged in a plurality of successive time 
slots, the mobile station comprising: 

a receiver configured to receive the transmissions and produce data 
in response thereto, the data including an indication, the indication having a first 
value when the transmissions are of the first type and a second value when the 
transmissions are of the second type; and 

a circuit coupled to the receiver and configured to decode the data 
using data from a current time slot when the indication has the first value and 
configured to decode the data using data from the current time slot and a 
subsequent time slot when the indication has the second value. 
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14. The mobile station of claim 13 further comprising: 

a transmitter for transmitting signals to the remote base station; and 
a circuit configured to format data for communication to the remote 
base station, the data including an indicator which indicates to the base station 
whether the mobile station accepts transmissions of the first type. 

15. A mobile station operable in a radio communication system 
including one or more base stations transmitting during a succession of time slots, 
the mobile station comprising: 

a decoder configured to identify in transmissions from the one or 
more base stations an indication whether a subsequent time slot can be relied on 
for reception; and 

a demodulator for demodulating transmissions during a current time 
slot from the one or more base stations according to a one of a first algorithm and 
a second algorithm in accordance with the indication. 

16. The mobile station of claim 1 5 wherein the decoder is configured to 
identify the indication in data received from the one or more base stations. 

17. The mobile station of claim 1 6 wherein the decoder is configured to 
identify the indication in data received from the one or more base stations during 
initiation of two way communication between the mobile station and the one or 
more base stations. 

18. The mobile station of claim 1 5 wherein the decoder is configured to 
identify the indication in the subsequent time slot. 

19. The mobile station of claim 1 8 wherein the decoder is configured to 
measure a signal characteristic of the transmissions from the one or more base 
stations during the subsequent time slot and to identify the indication by 
comparing the signal characteristic with a predetermined threshold. 
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20. A base station configured for operation in a radio communication 
system, the base station for transmitting signals to one or mobile stations in a 
predetermined geographic region, the mobile stations being of one of a first type 
and a second type, the base station comprising: 

means for determining a type of a particular mobile station in radio 
communication with the base station; and 

means responsive to the type of the particular mobile station for 

transmitting 

(a) radio signals to the particular mobile station during a 
current time slot and during at least a part of a subsequent time slot when 
the particular mobile station is of the first type, and 

(b) radio signals to the particular mobile station during a 
current time slot and radio signals adapted to a type of another mobile 
station when the particular mobile station is of a second type. 

21 . The base station of claim 20 wherein the means for determining 
comprises a circuit configured to determine the type of the particular mobile 
station based on a transmission from the mobile station. 

22. The base station of claim 20 wherein the means for transmitting 
adapts the radio signals according to one of changing a power level of 
transmission in the subsequent time slot, changing a phase of transmission in the 
subsequent time slot, changing timing of transmission in a subsequent time slot, 
changing direction of transmission in the subsequent time slot, changing 
modulation of transmission, and changing burst format of transmission in the 
subsequent time slot. 
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23. A time division multiple access (TDMA) radio communication 
system comprising: 

at least one base station to transmit radio signals during a succession 
of time slots including a current time slot and a subsequent time slot, the radio 
signals including an indication of whether transmission of the subsequent time slot 
is guaranteed; 

at least one mobile station to receive the radio signals in accordance 
with the indication. 

24. The TDMA radio communication system of claim 23 wherein the at 
least one mobile station comprises a circuit to decode the radio signals using 
information in the current time slot and information in the subsequent time slot 
when indication indicates that the transmission of the subsequent time slot is 
guaranteed. 

25. The TDMA radio communication system of claim 23 wherein the at 
least one base station includes a circuit for receiving a signal from a particular 
mobile station of the at least one mobile station indicative of a type of the 
particular mobile station, the mobile station being one of a type that requires 
guaranteed transmission of the subsequent time slot and of a type that does not 
require guaranteed transmission of the subsequent time slot. 



23 



WO 99/60737 



1 / 4 



09/7 002 8k 

PCT/US99/10603 




WO 99/60737 



2/4 



®9/7002f*k 

PCT/US99/10603 





310 



TRANSMIT SECOND 
TIME SLOT AND 
SECOND SYNC WORD 



3/£ 



J 




~5ZO 



MAKE 
CHANGE 



32.Z' 



TRANSMIT 

NEXT 
TIME SLOT 



SUBSTITUTE SHEET (RULE 26) 



WO 99/60737 



3 / 4 



PCT/US99/10603 




TRANSMIT INDICATION 

THAT 2ND SYNC 
WORD IS £XPECT£D 



-4-08 



RECEIVE FJRST TIME 
SLOT PLUS SECOND 
SYNC WORD 



-f 70 



DEMODULATE AND 
DECODE FIRST TIME" 
SLOTS USING FIR5T 
AND /OR SECOND 
SYNC WORDS 




SUBSTITUTE SHEET (RULE 26) 



WO 99/60737 



4/4 



PCT/US99/10603 



5 



NO 




50C 



TRANSMIT INDICATION THAT 2ND 
SYNC WORD MAY BE OMITTED 



RECEiVE INDICATION THAT 2ND 
SYNC WORD IS AVAILABLE (OR NOT) 



-510 



RECEIVE FIRST TIME SLOT AND 
up TO END OF 2ND SYNC WORD 



51-4 



YES 



DEMODULATE FIRST 
TIME SLOT USING- 

FIRST AND/OR 
SECOND SYNC WORD 




NO 



IS 


^-516 




' ) 


DEMODULATE FIRST 


TIME SLOT USING- 


FIRST 


SYNC 


WORD 


ONLY 



DE INTERLEAVE AND 
DECODE SOFT DECISIONS 




* 518 



YES 



52 0 




522. 



SUBSTITUTE SHEET (RULE 26) 



DECLARATION AND POWER OF ATTORNEY 

As a below named inventor, I hereby declare that: 

My residence, post office address and citizenship are as stated below next to my name; that 
I verily believe I am the original, first and sole inventor {if only one name is listed below) or a joint inventor (if 
plural inventors are named below) of the subject matter which is claimed and for which a patent is sought on the 
invention entitled: SIGNAL DECODING WITH AND WITHOUT SECOND SYNCHRONIZATION WORD IN A MOBILE 
COMMUNICATION SYSTEM, the specification of which: 

QLis attached hereto. □ was filed on 

as Application Serial No. 

and was amended on ~ 
(if applicable) 

I hereby state that I have reviewed and understand the contents of the above-identified specification, includ- 
ing the claims, as amended by any amendment specifically referred to above, and that I believe the named inventor(s) 
to be the original and first inventor(s) of the subject matter which is claimed and for which a patent is sought, and 
hereby acknowledge the duty to disclose information which is material to the examination of the application in 
accordance with §1 .56 (reprinted on the back} of Title 37 of the Code of Federal Regulations. 

I also hereby state that no patent applications on this invention have previously been filed in countries foreign 
to the United States of America, except as follows: 

DATE FILED PRIORITY CLAIMED UNDER 

COUNTRY APPLICATION NUMBER (day, month, year) 35U.S.C.119 

. yes no 

yes no 

I I I yes no 



I hereby claim the benefit under Title 35, United States Code, § 1 20 of any United States application(s) listed 
below and, insofar as the subject matter of each of the claims of this application is not disclosed in the prior United 
States application in the manner provided by the first paragraph of Title 35, United States Code §112,1 acknowledge 
the duty to disclose material information as defined in Title 37, Code of Federal Regulations, § 1 .56 which occurred 
between the filing date of the prior application and the national or PCT international filing date of this application: 
60/085,710 15 May 1998 Abandoned 

(Application Serial No.) (Filing Date) (Status: patented, pending, abandoned) 

PCT/US99/10603 13 May 1999 Pending 

(Application Serial No.) (Filing Date) (Status: patented, pending, abandoned) 



I hereby appoint Richard S. Phillips (Reg. No. 17,314), Wm. A. VanSanten (Reg. No. 22,810), Jeffrey L. Clark 
(Reg. No. 29,141 ), John S. Mortimer (Reg. No. 30,407), F. William McLaughlin (Reg. No. 32,273), and Dean A. Monco 
(Reg. No. 30,091), each registered to practice before the United States Patent and Trademark Office and practicing 
as the firm of WOOD, PHILLIPS, VAN SANTEN, CLARK & MORTIMER, 500 WEST MADISON STREET, SUITE 3800, 
CHICAGO, ILLINOIS 60661 (Telephone 31 2-876-1800), my attorneys with full power of substitution and revocation, 
to prosecute this application, to make alterations or amendments therein, to receive the patent and to transact all 
business in the Patent and Trademark Office connected therewith, and direct that all correspondence be addressed to 
the firm. All telephone inquiries may be directed to: 



Dean A. Monco 



§1 .56 Duty to disclose information material to patentability. 

(a) A patent by its very nature is affected with a public interest. The public interest is best served, and 
the most effective patent examination occurs when, at the time an application is being examined, the Office is aware 
of and evaluates the teachings of all information material to patentability. Each individual associated with the filing 
and prosecution of a patent application has a duty of candor and good faith in dealing with the Office, which includes 
a duty to disclose to the Office all information known to that individual to be material to patentability as defined in this 
section. The duty to disclose information exists with respect to each pending claim until the claim is cancelled or 
withdrawn from consideration, or the application becomes abandoned. Information material to the patentability of a 
claim that is cancelled or withdrawn from consideration need not be submitted if the information is not material to the 
patentability of any claim remaining under consideration in the application. There is no duty to submit information 
which is not material to the patentability of any existing claim. The duty to disclose all information known to be 
material to patentability is deemed to be satisfied if all information known to be materia) to patentability of any claim 
issued in a patent was cited by the Office or submitted to the Office in the manner prescribed by § § 1 ,97(b)-(d) and 
1 .98. However, no patent will be granted on an application in connection with which fraud on the Office was 
practiced or attempted or the duty of disclosure was violated through bad faith or intentional misconduct. The Office 
encourages applicants to carefully examine: 

(1) prior art cited in search reports of a foreign patent office in a counterpart applica- 
tion, and 

(2) the closest information over which individuals associated with the filing or prosecu- 
tion of a patent application believe any pending claim patentability defines, to make sure that any 
material information contained therein is disclosed to the Office. 

(b) Under this section, information is material to patentability when it is not cumulative to information 
already of record or being made of record in the application, and 

( 1 ) It establishes, by itself or in combination with other information, a prima facie case 
of unpatentability of a claim; or 

(2) It refutes, or is inconsistent with, a position the applicant takes in: 

(i) Opposing an argument of unpatentability relied on by the Office, 

or 

(ii) Asserting an argument of patentability. 

A prima facie case of unpatentability is established when the information compels a conclusion that a claim is 
unpatentable under the preponderance of evidence, burden-of-proof standard, giving each term in the claim its 
broadest reasonable construction consistent with the specification, and before any consideration is given to evidence 
which may be submitted in an attempt to establish a contrary conclusion of patentability. 

(c) Individuals associated with the filing or prosecution of a patent application within the meaning of this 
section are: 

(1) Each inventor named in the application; 

(2) Each attorney or agent who prepares or prosecutes the application; and 

(3) Every other person who is substantively involved in the preparation or prosecution 
of the application and who is associated with the inventor, with the assignee or with anyone to 
whom there is an obligation to assign the application. 

(d) Individuals other than the attorney, agent or inventor may comply with this section by disclosing 
information to the attorney, agent or inventor. 



2 



I hereby declare that all statements made herein of my own knowledge are true and that all statements made 
on information and belief are believed to be true, and further that these statements were made with the knowledge 
that willful false statements and the like so made are punishable by fine or imprisonment, or both, under Section 1 001 
of Title 1 8 of the United States Code and that such willful false statements may jeopardize the validity of the applica- 
tion or any patent issuing thereon. 

Full name of sole or 

first Joint Inventor Paul W. Dent Citizenship: Great Britain 



Inventor's Signature Date 



Residence: 637 Eagle Point Road, Pittsboro, North Carolina 27312 

Post Office Address: c/o Ericsson Inc., 7001 Development Drive, Research Triangle Park, NC 27709 



Full name of second 

Joint Inventor, if any Krister Raith Citizenship: Sweden 



Date M>\s 2 t ?OCr 

Residence: 5$ CYfc rM€m f & T, ||o£V & , ^ o > C A °l 1 1 \ 

Post Office Address: c/o Ericsson Inc., 7001 Development Drive, Research Triangle Park, NC 27709 



Full name of third 
Joint Inventor, if any 



Inventor's Signal 



Residence: Eierwiesenstr. 
Post Office Address: 



Full name of fourth 
Joint Inventor, if any 



Inventor's Signature _ 

Residence: 

Post Office Address: 



Full name of fifth 

Joint Inventor, if any Citizenship: 

Inventor's Signature Date 

Residence: 

Post Office Address: 



3 



I hereby declare that all statements made herein of my own knowledge are true and that all statements made 
on information and belief are believed to be true, and further that these statements were made with the knowledge 
that willful false statements and the like so made are punishable by fine or imprisonment, or both, under Section 1 001 
of Title 18 of the United States Code and that such willful false statements may jeopardize the validity of the applica- 
tion or any patent issuing thereon. 

Full name of sole or 

first Joint Inventor J^auTW^Dent Citizenship: Great Britain 

Inventor's Signature ^ OjAm CtJ- Date 
Residence: 637 Eagle Point Road^ittsboro, North Carolina 27312 

Post Office Address: c/o Ericsson Inc., 7001 Development Drive, Research Triangle Park, NC 27709 
Full name of second 

Joint Inventor, if any Krister Raith Citizenship: Sweden 

Inventor's Signature Date 



Residence: 805-A Park Ridge, Durham, NC 27713 

Post Office Address: c/o Ericsson Inc., 7001 Development Drive, Research Triangle Park, NC 27709 



Full name of third 
Joint Inventor, if any 



Inventor's Signature _ 



Residence: Eierwiesenstr. 
Post Office Address: 



Full name of fourth 
Joint Inventor, if any 



Inventor's Signature Date 

Residence: 

Post Office Address: 

Full name of fifth 

Joint Inventor, if any Citizenship: 

Inventor's Signature Date 

Residence: 

Post Office Address: 



3 



